We present a novel opto-electronic clock recovery concept based on in-band phase-modulated pilot insertion.
Introduction
Clock recovery is an essential function of the receiver to synchronize to the transmitted data in an optical communication system. In optical time-division multiplexing (OTDM) network, the clock must be recovered at the base-rate in order to perform other functionalities such as data regeneration or demultiplexing. Typical clock recovery implementations consist in the interaction between the harmonics of the data signal and the locally generated clock in a phase comparator whose output is used in a phase-locked loop (PLL) for synchronization. Different non-linearties such four-wave mixing [1] or cross-phase modulation [2] in semiconductor optical amplifier, three wave-mixing in a periodically-poled lithium niobate (PPLN) waveguide [3] or electro-absorption modulation [4] , have been exploited to provide the phase comparator functionality. The major difficulty present in these approaches is that a PLL is required to accomplish the synchronization whose phase comparator must hold a very high time-resolution of the order of the bit-slot duration.
In this paper we demonstrate a novel clock-recovery method based on extracting an inserted phase-modulated pilot in the data spectrum. This approach eliminates the need of an ultrafast phase comparator and a phase-locked loop (PLL) which simplifies the system. Since we do not require a PLL, no preamble bits are required, making the concept also suitable for clock recovery of bursty data. In the experiment, demultiplexing from 160 Gbits to 4×40
Gbit/s is performed with error-free performance using the proposed concept.
Experiment
The experimental setup to demonstrate the in-band pilot insertion and clock extraction is shown in Fig. 1 . The data signal is generated by a fiber-based mode-locked laser The extraction of the pilot creates a carve in the data signal spectrum as depicted in Fig. 3 . The extracted pilot is filtered by an OBPF with 0.25 nm bandwidth to select the pilot carrier and its first-order upper sideband, which is shown in the inset.
To investigate the performance of the proposed clock recovery technique, we carried out single sideband (SSB) phase noise measurements on the recovered clock using an electrical spectrum analyzer (Fig. 4) . Integrating the SSB phase-noise over the frequency range from 100 Hz to 10 MHz, yields a timing jitter of 164 fs. In the demultiplexing stage, the clock frequency is quadrupled to 40 GHz and in turn used to drive the EAM demultiplexer in order to extract 40 Gbit/s tributaries. In 
Conclusion
We have demonstrated a novel clock recovery method for ultra-high speed OTDM signals. The clock insertion and extraction was successfully achieved with a power penalty of about 1.2 dB. No ultrafast phase comparator is required for the clock recovery. The method seems promising for clock recovery at higher bit rates (e.g. 320
and 640 Gbit/s) or bursty data.
